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Abstract 
This work is a report bringing the experimental setup and the initial developments to establish a laser ultrasonics system at the
Instituto Tecnológico de Aeronáutica in Brazil. Present-day development aim to substitute piezoelectric transducer by a high 
power pulsed laser to generate ultrasound. 
PACS: 43.38+n, 4358+z 
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1. Introduction 
Acoustic, acousto-optic (AO), and electro-optic (EO) devices were under research in Brazil since the 70-90 years 
[1]-[3]. The aim of such effort was the laser control and applications. Indeed, there are a community making the 
design, constructing, testing and using AO modulators, Q-switch, guided wave devices [4]-[6], and ultrasound 
techniques for material characterization [7]. On the other hand the sensors, measurements techniques and material 
science are active fields with close connection with the technologies pointed out in the beginning [8], [9]. In 
nowadays Brazil, further the mentioned developments, demands high tech material and systems.  
The most important example of such demand is in the field of aeronautics and space engineering. At those fields 
the material characterization techniques are very important when one consider the material production, the material 
aging, and the material role in aeronautical structures as aircrafts. Aluminum, steel, and composites are the most 
representative examples of aeronautical materials which demand characterization [10]-[13]. Early developments 
were made at the Instituto Tecnológico de Aeronáutica and other centers to develop optical interferometer 
techniques in order to detect ultrasound waves [14]-[16]. These developments utilized the Mach-Zehnder heterodyne 
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interferometer configuration and were capable to detect bulk and Lamb waves generated by a piezoelectric
transducer.
Recent developments are conduced to replace the piezoelectric transducer in a way the acoustic waves are 
generated by a high power laser to obtain a non contact material characterization system. This paper brings the
initial achievements, mountings and its characteristics.
2. Material characterization
The acoustic waves can propagate through material that is opaque to electromagnetic radiation. Such
characteristic makes acoustic waves appropriated for material and structures characterization. The ultrasound non
destructive test based on transducer is a well know technique but it has as drawback: the coupling necessary to
transmit the ultrasound from transducer to sample. The frequency response of such coupling and its wave
propagation characteristics determine limits. In the case of thin samples, high temperature environment, and multi-
point tests, such transducer technology is not always suitable.
There are different ways to conduce the detection of the acoustic signal at a laser ultrasound system [17]. In this
work it is regarded only the interferometer based type. In this case, the detection of acoustic wave occurs from laser 
reflected back from solid surface to the interferometer. The general measurements that are of interest to material
engineering field are thickness, density, impurity, grain size, roughness, coating quality, defects as cracks, corrosion,
weld quality, and others [18]-[24]. In this work the aim is material flaw detection in aluminum, steel, and composite
materials.
3. System and components
To establish an experimental arrangement to accomplish the investigations about the interferometric assembly
and their problems, it was done a preliminary study using a Mach-Zehnder heterodyne interferometer. Fig. 1 shows
the experimental scheme that consists of an He-Ne laser, an acousto-optic cell (Bragg cell), a half-wave plate, a
polarizer, a beam splitter, three mirrors, a sample, a photodetector, two signal generators, and a spectrum analyzer. 
Fig.1  Mach-Zehnder interferometer scheme. Fig.2 Mach-Zehnder interferometer mounted in laboratory
Light provided by the He-Ne laser is vertically polarized and it passes through the acousto-optic cell, which is 
also used to split the laser beam in two beams: the diffracted and the not diffracted one. The acousto-optic cell is
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driven by the RF generator through a sinusoidal signal at 40 MHz frequency. This makes the diffracted beam to be 
frequency shifted by 40 MHz. The not diffracted beam is not frequency shifted and this is used to make the
heterodyne sensing. The polarization of the diffracted beam (reference beam) becomes horizontally polarized and it 
is reflected by the first mirror, M1, to a second mirror, M2, which redirect it to pass through the half-wave plate,
which brings back the vertical polarization. Then, the beam passes through the beam splitter, BS, and reaches the
photodetector.
On the other hand, the not diffracted beam (sensor beam) emerges from acousto-optic cell elliptically polarized, it
is reflected by the first mirror, M1, and it impinges the sample under characterization. The reflected beam by the 
sample passes through a polarizer to bring back the vertical polarization and it is reflected by the third mirror, M3.
Then the beam is directed to the beam splitter where it is combined to the reference beam and they go to the
photodetector. The electric signal provided by the photodetector is viewed using the spectrum analyzer. In Fig. 2 it
is shown the system mounted in laboratory.
The first results include the evaluation of interferometer sensitivity with aluminum mirror vaporized targets. A 
loudspeaker was positioned behind the sample and it was driven by a signal generator with a sinusoidal signal at
9.36 kHz frequency. The signal obtained through the spectrum analyzer, is shown in Fig. 3.
As can be seen, this spectrum is constituted by a central line at Bragg frequency (40 MHz) and two lateral lines
shifted by r 9.36 kHz. Then, the lateral lines are at 40.00936 MHz and 39.99064 MHz. The amplitude of 
displacement of sample was measured as 2.09 nm. During the systems test the spectral line was observed with a S/N 
ratio around 20dB.
To measure the minimum detectable signal by this system, the amplitude of input signal was reduced in a way
that the output signal on spectrum analyzer was reduced to noise level. The minimum detectable according the
measurements was 2.3 Å. 
To generate ultrasound it was used a Nd:YAG pulsed laser with 420 mJ energy, 12 ns pulse width and 10 Hz
repetition rate. After the initial tests no ultrasound wave was detected by the spectrum analyzer yet. Such negative
result can be caused by environment disturbing or by limitations of the detection system mounted.
A PLL circuit is being developed in order to overcome the environment disturbing and to demodulate the
ultrasonic signal.
Fig.3  Interferometric signal with center and lateral lines.
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4. Discussion
This paper describes the development of an all optical system to generate and detect ultrasound. After the initial 
words about the aims and applications of such system it is presented the general characteristics of the interferometer 
mounted in laboratory and the measurements obtained using a loudspeaker. The initial results of the interferometer 
characterization reveal the minimum detectable and S/N ratio. The next step is detect the ultrasound generated by 
the Nd:YAG laser and apply this system to material and sample characterization. 
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